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(57) ABSTRACT 

A slat cove filler is utilized to reduce airframe noise resulting 
from deployment of a leading edge slat of an aircraft wing. 
The slat cove filler is preferably made of a super elastic shape 
memory alloy, and the slat cove filler shifts between stowed 
and deployed shapes as the slat is deployed. The slat cove 
filler may be configured such that a separate powered actuator 
is not required to change the shape of the slat cove filler from 
its deployed shape to its stowed shape and vice-versa. The 
outer contour of the slat cove filler preferably follows a profile 
designed to maintain accelerating flow in the gap between the 
slat cove filler and wing leading edge to provide for noise 
reduction. 
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AUTONOMOUS SLAT-COVE-FILLER 
DEVICE FOR REDUCTION OF 

AEROACOUSTIC NOISE ASSOCIATED WITH 
AIRCRAFT SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of and priority to U.S. 
Provisional Application No. 61/405,347 filed on Oct. 21, 
2010, the entire contents of which are incorporated by refer-
ence in their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The invention described herein was made in part by 
employees of the United States Government and may be 
manufactured and used by or for the Government of the 
United States of America for governmental purposes without 
the payment of any royalties thereon or therefore. 

FIELD OF THE INVENTION 

This invention relates to aircraft wings, and in particular to 
a slat cove filler utilized in conjunction with a leading edge 
slat of an aircraft wing to reduce aero-acoustic noise associ-
ated with the slat when it is in a deployed configuration. 

BACKGROUND OF THE INVENTION 

the second shape. At least a portion of the superelastic shape 
memory alloy transforms from a martensite phase to an aus-
tenitic phase when the slat cove filler changes from the second 
shape to the first shape. The superelastic shape memory alloy 

5 accommodates large strains on the order of two percent that 
may he encountered as the slat cove filler changes between 
the first and second shapes. 

A portion of the slat cove filler may be configured to 
contact the primary wing structure as the leading-edge slat 

10 moves from the deployed position to the retracted position. 
Contact of the slat cove filler with the primary wing structure 
causes the slat cove filler to change from the first shape to the 
second shape. The slat cove filler may be biased to change 
from the second shape to the first shape. The bias causes the 

15 slat cove filler to change from the second shape to the first 
shape as the leading edge slat is moved from the retracted 
position to the deployed position. The bias may be due to 
deformation of the material forming the slat cove filler and/or 
a separate spring. An edge of the slat cover tiller may be 

20 rotatable connected to the cusp of the leading-edge slat by a 
hinge, and a torsion spring acting about the hinge may be 
utilized to bias the slat cove filler into the second shape. Thus, 
the slat cove filler may be capable of changing shapes 
between the first and second shapes without use of a powered 

25 actuator acting directly on the slat cove filler. 
These and other features, advantages, and objects of the 

present invention will be further understood and appreciated 
by those skilled in the art by reference to the following speci-
fication, claims, and appended drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
Airframe noise produced by unsteady air flow around air- 

craft structures is a significant source of aircraft noise during 
	FIG. 1 is partially fragmentary schematic view showing 

landing approach. Conventional leading-edge slat devices for 
	flow streamlines in the slat region of a conventional airfoil; 

high-lift are a prominent source of airframe noise. Various 35 	FIG. 2 is a cross-sectional view of a slat and slat cove filler 
devices have been developed in an attempt to reduce the noise 	according to one aspect of the present invention; 
associated with leading-edge slats. 	 FIG. 3 is a cross-sectional view of a slat and slat cove filler 

according to another aspect of the present invention; 
SUMMARY OF THE INVENTION 

	
FIG. 4 is a partially fragmentary cross-sectional view of a 

40 wing structure leading edge slat, and a slat cove filler, wherein 
One aspect of the present invention is a wing structure for 	the leading edge slat is in a deployed configuration; 

aircraft having reduced airframe noise. The wing structure 
	

FIG. 5 is a partially fragmentary cross-sectional view of a 
includes a primary wing having a leading edge, a trailing 	wing structure leading edge slat, and a slat cove filler, wherein 
edge, and upper and lower surfaces extending between the 	the leading edge slat is in a configuration that is between a 
leading and trailing edges to define a first airfoil element. The 45 deployed configuration and a stowed configuration; 
wing structure also includes a leading-edge slat that is mov- 	FIG. 6 is a partially fragmentary cross-sectional view of a 
ably interconnected with the primary wing for movement 	wing structure leading edge slat, and a slat cove filler, wherein 
between a retracted position wherein the leading edge slat is 	the leading edge slat is in a configuration that is intermediate 
positioned directly adjacent to the leading edge of the primary 

	
between a deployed and stowed configuration; 

wing structure, and a deployed position wherein the leading- 50 	FIG. 7 is a partially fragmentary cross-sectional view of a 
edge slat is shifted forward and/or rotated downwardly rela- 	wing structure leading edge slat, and a slat cove filler, wherein 
tive to the retracted position to define a multi-element airfoil. 	the leading edge slat is in a configuration that is intermediate 
The leading-edge slat includes a leading surface at which 

	
between a deployed and stowed configuration; 

airflow splits and flows over an upper surface of the leading- 	FIG. 8 is a partially fragmentary cross-sectional view of a 
edge slat that extends rearwardly from the leading surface to 55 wing structure leading edge slat, and a slat cove filler, wherein 
a trailing edge, and a lower surface extending rearwardly 	the leading edge slat is in a configuration that is intermediate 
from the leading surface to a cusp. The wing structure further 

	
between a deployed and stowed configuration; 

includes a slat cove filler comprising a thin flexible material 
	

FIG. 9 is a partially fragmentary cross-sectional view of a 
connected to the trailing edge and the cusp. The slat cove filler 	wing structure leading edge slat, and a slat cove filler, wherein 
defines a first shape when the leading edge slat is in its 60 the leading edge slat is in a retracted or stowed configuration; 
deployed position. The slat cove filler further defines a second 

	
FIG. 10 is a cross-sectional view showing a leading edge 

shape when the leading edge slat is in its retracted position. At 	slat in a deployed configuration with constant pressure lines 
least a portion of the slat cove filler comprises a highly elastic 	as determined by a computer program, wherein the leading 
material such as a superelastic shape memory alloy. If the slat 	edge slat and wing structure do not include a slat cove filler; 
cove filler is made of a superelastic shape memory alloy, the 65 	FIG. 11 is a cross-sectional view showing a leading edge 
alloy transforms from an austenitic phase to a martensite 	slat in a deployed configuration with constant pressure lines 
phase when the slat cove filler changes from the first shape to 	as determined by a computer program, wherein the leading 
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4 
edge slat and wing structure include a slat cove filler accord- 	point 29 at which airflow splits and flows over an upper 
ing to one aspect of the present invention; 	 surface 30 of the leading-edge slat 22 that extends rearwardly 

FIG. 12 is a partially fragmentary isometric view of a 
	from leading surface 28 to a trailing edge 31, and a lower 

portion of a leading edge slat, wing structure, and mechanism 	surface 32 extending rearwardly from the leading surface 28 
for deployment of the leading edge slat. 	 5 to a cusp 33. 

A slat cove filler 23 according to one aspect of the present 
DETAILED DESCRIPTION OF THE INVENTION 

	
invention comprises a sheet of thin flexible material con- 
nected to trailing edge 31 and cusp 33 of leading edge slat 22. 

For purposes of description herein, the terms "upper," 
	

It will be understood that slat cove filler may comprise an 
"lower," "right," "left," "rear," "front," "vertical," "horizon-  io elongated element extending along substantially the entire 
tal," and derivatives thereof shall be related to the invention as 	span-wise length of leading edge slat 22, or it may extend 
oriented in FIG. 2. However, it is to be understood that the 	along only a portion or portions of leading edge slat 22. The 
invention may assume various alternative orientations, except 	slat cove filler 23 defines a first shape "Sl" (FIG. 2) when 
where expressly specified to the contrary. It is also to be 

	
leading edge slat 22 is in a deployed position, and a second 

understood that the specific devices and processes illustrated 15 shape "S2" (FIG. 9) that allows slat cove filler to fit into cavity 
in the attached drawing, and described in the following speci- 	or volume 36 between wing 21 and leading edge slat 22 when 
fication are simply exemplary embodiments of the inventive 	the leading edge slat is in its retracted position. As discussed 
concepts defined in the appended claims. Furthermore, refer- 	in more detail below, at least a portion of the slat cove filler 23 
ences to specific items or features (e.g. a wing structure, 	may comprise a superelastic shape memory alloy that trans- 
leading edge slat, and slat cove filler) shall not be construed as 20 forms from an austenitic phase to a martensite phase when the 
limiting the item or feature to one-piece or multi-piece items 	slat cove filler 23 changes from the first shape Sl (FIG. 2) to 
or features. Hence, specific dimensions and other physical 

	
the second shape S2 (FIG. 9) due to the large deformation 

characteristics relating to the embodiments disclosed herein 	required of the slat cove filler to assume. The superelastic 
are not to be considered as limiting, unless the claims 	shape memory alloy preferably changes or transforms from a 
expressly state otherwise. 	 25 martensite phase back to an austenitic phase when the slat 

With reference to FIG. 1, a conventional wing assembly 1 
	

cove filler 23 changes from the second shape S2 (FIG. 9) to 
includes a primary wing structure 2, and a leading edge slat 3 

	
the first shape S1 (FIG. 2). 

positioned adjacent a leading edge 4 of primary wing struc- 	Alternately, slat cove filler 23 may comprise areas or seg- 
ture 2. The leading edge slat 3 and primary wing structure 2 

	
ments 18 that are thicker as discussed below in connection 

result in a plurality of streamlines 5 during operation. In so with FIG. 3. As discussed in more detail below, if slat cove 
general, the flow splits at a stagnation point 6 on the leading 	tiller 23 comprises superelastic shape memory alloy (metal), 
surface of slat 3, and flow progressing on the lower side of the 

	
it may need to include thinner areas for increased flexibility to 

slat 3 separates at the cusp 7, and the resulting shear layer 
	

form a shape S2 that fits between leading edge slat 22 and 
reattaches at the lower surface 8 of upper part 9 of slat 3, 	wing 21 when leading edge slat 22 is in the retracted position. 
forward of the trailing edge 10 of slat 3. Vortical re-circulating 35 	Referring again to FIG. 2, a known slat cove fillerprofile 35 
flow develops in cove region 11 of slat 3, forward of the shear 

	
is based on a flow streamline whereby the contour 35 closely 

layer. The separated shear layer at the cusp 7 produces large- 	follows a selected flow streamline such as the flow streamline 
scale flow structures that support the unsteady fluctuating 

	
5A (FIG. 1) that may be associated with the characteristic 

flow field. Interaction of the large scale flow structures accel- 	shape of the separated shear layer. However, as discussed in 
erating through the gap with the vortical re-circulation, fluc-  40 more detail below in connection with FIGS. 10 and 11, a slat 
tuations in the reattachment of the shear layer in the slat cove 	cove filler 23 according to the present invention preferably 
and flow energy conversion as the reattached shear layer 

	
includes a profile or surface shape that is designed to elimi- 

separates from the trailing edge are known sources of air- 	nate flow deceleration between leading edge slat 22 and pri- 
frame noise. 	 mary wing structure 21, thus maintaining an attached bound- 

With further reference to FIG. 2, an aircraft wing structure 45 ary layer on the filler surface. In general, a streamline-based 
20 according to one aspect of the present invention includes a 	slat cove filler following contour line 35 is significantly 
primary wing structure 21, a leading edge slat 22, and a slat 	shorter than slat cove filler 23 based on the "attached-flow" 
cove filler 23. Primary wing structure 21 may comprise a 

	
design philosophy, but suffers from degraded aerodynamic 

known aircraft wing having a leading edge portion 24, a 	and noise-reduction performance. 
trailing edge (not shown), an upper surface 25, and a lower 50 	In addition to aerodynamic considerations, slat filler 23 
surface 26. The upper and lower surfaces 25 and 26 extend 

	
must also fit into cavity 36 when leading edge slat 22 is 

between the leading and trailing edges to define a first airfoil 
	

retracted. A shorter slat cove filler based on a flow streamline 
element 27. The leading edge slat 22 may be movably inter- 	35 may stow in cavity 36 (FIG. 9) between leading edge slat 
connected with primary wing structure 21 by various known 

	
22 and primary wing structure 21 withoutplastic deformation 

mechanisms. Such mechanisms shift/rotate the leading edge 55 if the slat cove filler is constructed from a conventional mate- 
slat downwardly and/or forwardly when the slat is moved to 	rial such as aluminum alloy. However, a slat cove filler 23 
the deployed position. Also, leading edge slat 22 may be 

	
based on an attached-flow configuration must, in general, 

movably interconnected with the primary wing structure 21 
	

sustain large deformation in order to stow into the cavity or 
by the mechanism described in more detail below in connec- 	volume 36 between leading edge slat 22 and primary wing 
tion with FIG. 12. The leading edge slat 22 is movable 60 structure 21. Because leading edge slat 22 and wing 21 may 
between a retracted position (FIG. 9) wherein the leading 	comprise existing aircraft wings of different designs, the 
edge slat 22 is positioned directly adjacent leading edge 24 of 

	
shape and size of cavity 36 may vary. The deformation 

primary wing structure 21 to define a cavity or volume 36, and 
	

required for an attached-flow slat cove filler 23 as shown in 
a deployed position (FIG. 4) wherein the leading edge slat 22 

	
FIG. 2 is generally in the range of 1-3%, which exceeds the 

is shifted/rotated downwardly relative to the retracted posi-  65 capability of conventional materials such as aluminum alloys. 
tion to thereby provide a multi-element airfoil. Leading-edge 

	
However, superelastic shape memory alloys are capable of 

slat 22 includes a leading surface 28 defining a stagnation 	such large deformations. 
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Known superelastic shape memory alloys may exhibit a 
phase transformation between a high-temperature (typically 
cubic) microstructure called austenite at a lower-temperature 
(typically monoclinic, orthorhombic or tetragonal) micro-
structure called martensite in response to changes in tempera- 5 

ture and applied stress. One material behavior utilized in the 
present invention is superelasticity, where the material is in 
the austenitic (high-temperature) phase under all operating 
conditions and is transformed to martensite by applied stress. 

Superelastic shape memory alloy material behaves like a io 
conventional, linear-elastic material with increasing stress 
until a critical stress is reached. In general, the critical stress 
depends on the alloy chemistry and temperature. At the criti-
cal stress level, the microstructure begins transforming to 
martensite, and accommodates large deformation (transfor- 15 

mation strain) up to about 7% without permanent deforma-
tion by reorientation (detwinning) of the martensitic micro-
structure to variants that are consistent with the applied stress. 
The constitutive behavior reverts to linear-elastic response of 
detwinned martensite once transformation of the microstruc- 20 

ture is complete. Removal of the applied stress is accompa-
nied by recovery of elastic deformation in the detwinned 
martensite phase followed by the reverse transformation to 
austenite at a second critical stress that is characteristically 
lower than that for transforming austenite to martensite. Con- 25 

tinued reduction of the applied stress results in completion of 
the reverse transformation to austenite and complete recovery 
of all deformation, thereby returning the structure to its origi-
nal configuration upon removal of all stress. 

The "stress-free" shape of the superelastic shape memory 30 

alloy slat cove filler 23 is that of the deployed configuration 
(FIGS. 2 and 4). The upper edge of slat cove tiller 23 forms a 
rigid lap joint 40 with the leading edge slat 22 at the trailing 
edge 31 of the slat. The lower edge of superelastic slat cove 
filler 23 is mounted to the cusp 33 of leading edge slat 22 by 35 

a hinge 41. It will be understood that lap joint 40 and hinge 41 
may extend along the entire span-wise length of leading edge 
slat 22, or a portion or portions thereof. The hinge joint 41 is 
configured such that the outer surface/outer mold line 42 of 
slat cove filler 23 is flush with the outer surface/outer mold 40 

line 43 of the leading edge slat 22 at the cusp 33. 
The forces developed between the slat cove filler 23 and the 

main wing element or structure 21 during retraction to the 
configuration of FIG. 9 is used to generate the stress required 
to transform the microstructure in the superelastic shape 45 

memory alloy material of the slat cove filler 23. The force 
required for stowage can be minimized by appropriate choice 
of alloy chemistry and processing, and the large deformation 
requirement is accommodated by the transformation-strain 
characteristics of the superelastic shape memory alloy. Fric- 50 

tion between the slat cove filler 23 and the main wing struc-
ture or element 21 can be minimized by utilizing known 
low-friction coating materials (not shown) on the outer sur-
face of slat cove filler 23. 

A conventional torsion spring 44 or the like may be utilized 55 

to generate a torque "T" acting on slat cove tiller 23 at hinge 
41. The torque T tends to restore the slat cove filler 23 to the 
configuration shown in FIGS. 2 and 4. The deformation of slat 
cove tiller 23 when in the retracted configuration (FIG. 9) also 
generates a force tending to cause the slat cove filler 23 to shift 60 

to the position of FIG. 4. Contact between slat cove filler 23 
and primary wing structure 21 causes the slat cove filler 23 to 
shift to the configuration of FIG. 9 as the leading edge slat 22 
is stowed, and the slat cove filler 23 may be configured to 
automatically shift outwardly to the configuration of FIGS. 2 65 

and 4 as the leading edge slat 22 is moved to the deployed 
position. The hinge 41 permits the edgeportion 45 of slat cove  

6 
filler 23 to fit closely against inner surface 46 of leading edge 
slat 22 when the leading edge slat 22 is in the stowed con-
figuration of FIG. 9. The inner surface 47 of leading edge slat 
22 includes a downwardly facing portion 48 that joins with 
upper surface 30 of leading edge slat 22 at trailing edge 31. 
Inner surface 47 of leading edge slat 22 also includes a gen-
erally vertical portion 49 and a radiused portion 50 that 
extends between downwardly-facing surface 48 and vertical 
portion 49 of inner surface 47. Wing 21 and leading edge slat 
22 may comprise existing components of an aircraft wing, 
and the contour of inner surface 47 may therefore be some-
what different than the configuration shown in FIG. 2 depend-
ing upon the type of aircraft to which the slat cove filler 23 is 
fitted. 

With reference to FIGS. 4-9, as the leading edge slat 22 
moves from the deployed configuration (FIG. 4) to the 
retracted position (FIG. 9), the slat cove filler 23 is deformed 
due to contact between the slat cove filler 23 and leading edge 
24 of primary wing structure 21. The slat cove filler 23 may be 
configured to "snap" from a partially retracted (stowed) con-
figuration (FIG. 6) to a more fully or completely retracted 
configuration (FIGS. 7 and 9) as the slat cove filler 23 passes 
through an intermediate configuration. The shape of the solid 
line 23 of FIG. 6 is characteristic of a multi-piece or variable 
thickness slat cove filler 23, and the dashed line 23A is char-
acteristic of a single-piece or uniformly-thick configuration 
of slat cove filler 23. The stiffness and thickness of slat cove 
filler 23 is selected to ensure that slat cove filler 23 fits closely 
between primary wing 21 and leading edge slat 22 in cavity 
36 as shown in FIG. 9. Slat cove filler 23 may be made from 
a sheet of superelastic shape memory alloy material that is 
approximately 0.040" thick. In a preferred embodiment, the 
material has a generally uniform thickness in the range of 
about 0.030" to about 0.050". However, different regions of 
slat cove filler 23 may have varying thicknesses to provide for 
the required deformation to fit within cavity 36 (FIG. 9) 
between leading edge slat 22 and primary wing structure 21, 
depending upon the shape of cavity 36. 

With further reference to FIG. 3, the slat cove filler 23 may 
include one or more segments 18 that are thicker than adja-
cent portions 16 and 17 of slat cove filler 23. Segment 18 may 
comprise the same material (e.g. superelastic shape memory 
alloy) as the adjacent portions 16 and 17 of slat cove filler 23, 
and it may be integrally formed with adjacent portions 16 and 
17. Alternately, segment 18 may comprise a different mate-
rial, or may comprise a different piece that is secured to a 
sheet of the same material. The thicker segment or portion 18 
may be significantly stiffer than adjacent portions 16 and 17. 
During the design of slat cove filler 23, the increased stiffness 
of the thicker segment 18 may be utilized to cause slat cove 
filler 23 to fit closely against inner surface 47 of a leading edge 
slat 22 if the surface contour 47 so requires. One or more 
thicker segments 18 may be utilized to provide the desired 
stowed configuration of slat cove filler 23 such that the slat 
cove filler 23 fits within the cavity 36 (FIG. 9) formed 
between leading edge slat 22 and primary wing structure 21 
when leading edge slat 22 is in the stowed configuration. 
Thicker segment 18 may comprise one or more elongated 
strips that extend along slat cove filler 23 parallel to leading 
edge slat 22 and leading edge 24 of wing 21. Controlling the 
thickness of segments of slat cove filler 23 may also be 
utilized to control deformation of slat cove filler 23 as it 
"snaps" between shapes Sl and S2. This may include con-
trolling boththe shape and sequence of deformation as the slat 
cove filler changes from shape Sl to shape S2 and vice-versa. 
Controlling the shape of slat cove filler 23 as it is deformed 
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8 
permits slat cove filler 23 to be utilized with a variety of 

	
such as an electric motor (not shown) is operably connected to 

different aircraft wing/slat configurations. 	 a gear 65 which engages a curved rack 66 to thereby drive the 
As leading edge slat 22 moves from the stowed configura- 	channel 61 and leading edge slat 22 between the extended and 

tion (FIG. 9) to the deployed configuration (FIG. 4), the 	retracted positions. The mechanism 60 of FIG. 12 may be 
deformation of slat cove filler 23 generates a force tending to 5 utilized in connection with a superelastic shape memory alloy 
cause the slat cove filler 23 to snap outwardly to the configu- 	slat cove filler 23. It will be understood that a variety of 
ration of FIG. 4. Also, if a spring 44 is utilized at hinge 41, the 	mechanisms may be utilized for movement of leading edge 
spring 44 may also be configured to generate a force tending 	slat 22 relative to primary wing structure 21. Mechanism 60 
to bias the slat cove filler 23 to the outer position of FIG. 4. 	may comprise a known design utilized for this purpose. 
Thus, as leading edge slat 22 moves from the stowed configu-  10 	It is to be understood that variations and modifications can 
ration of FIG. 9 to the deployed configuration of FIG. 4, the 

	
be made on the aforementioned structure without departing 

slat cove filler 23 preferably snaps out on its own, such that an 
	

from the concepts of the present invention, and further it is to 
additional powered actuator or the like is not required to 

	
be understood that such concepts are intended to be covered 

change from shape S1 to shape S2 and/or vice-versa. Accord- 	by the following claims unless these claims by their language 
ingly, the slat cove filler 23 can be retrofitted to existing slat 15 expressly state otherwise. 
and wing designs, without the use of additional actuators or 

	
The invention claimed is: 

the like. If slat cove filler 23 is configured to shift from shape 
	

1. A wing structure for aircraft, comprising: 
S2 to shape S1 without the use of auxiliary powered actuators 	a primary wing structure defining a leading edge, a trailing 
acting on slat cover filler 23, slat cove filler 23 has a 	edge, and upper and lower surfaces extending between 
monostable configuration. If slat cove tiller 23 has a 20 	the leading and trailing edges to define a first airfoil 
monostable design, it is only stable when it is in shape S1, and 

	
element; 

slat cover filler 23 changes automatically from shape S2 to 	a leading-edge slat movably interconnected with the pri- 
shape S1 upon deployment of leading edge slat 22. Slat cove 	mary wing structure for movement between a retracted 
filler 23 may also have a bistable configuration whereby slat 	position wherein the leading edge slat is positioned adja- 
cove tiller 23 stays in both shapes S1 and S2 if no force is 25 	cent the leading edge of the primary wing structure to 
applied to slat cove filler 23. If slat cove filler 23 has a bistable 	reduce aerodynamic drag, and a deployed position 
configuration, an auxiliary powered actuator (not shown) 

	
wherein the leading-edge slat is shifted relative to the 

may be required to shift from shape S1 to shape S2 and 
	

retracted position to thereby provide a multi-element 
vice-versa. 	 airfoil, and wherein the leading-edge slat includes a 

With reference to FIG. 10, when a leading edge slat 22 is in 30 	leading surface whereby, in use, airflow splits and flows 
a deployed configuration (without a slat cove filler 23), the 	over an upper surface of the leading-edge slat that 
airflow forms a plurality of isobars or constant pressure lines 	extends rearwardly from the leading surface to a trailing 
55 around the leading edge slat 22 and primary wing structure 	edge, and a lower surface extending rearwardly from the 
21. The slat cove filler 23 (FIG. 11) preferably has a contour 

	
leading surface to a cusp; 

that is about the same or equal to an isobar line 55A extending 35 	a slat cove filler comprising a flexible material connected to 
from cusp 33 and then fairs smoothly into the trailing edge 31 

	
the trailing edge and the cusp, wherein the slat cove filler 

of the leading edge slat 22 in such a way that the flow con- 	defines a first shape when the leading edge slat is in its 
tinuously accelerates in the gap or channel between the slat 

	
deployed position, and a second shape when the leading 

cove filler 23 and the wing leading edge 24, when the slat cove 	edge slat is in its retracted position, and wherein at least 
filler 23 is in the configuration shown in FIG. 11. With a slat 40 	a portion of the slat cove filler comprises a superelastic 
cove filler 23 contour designed in this manner, the boundary 	shape memory alloy that transforms from an austenitic 
layer on the slat cove filler surface will remain "attached", and 

	
phase to a martensite phase when the slat cove filler 

not "separate", a condition which leads to degraded aerody- 	changes from the first shape to the second shape; and 
namic and noise-reduction performance. However, it will be 	a torsion spring that rotatably biases the slat cove filler 
understood that the contour of isobar line 55A may be differ-  45 	about a hinge and causes the slat cove filler to change 
ent from the contour shown in FIG. 10 due to the presence of 

	
from the second shape to the first shape as the slat moves 

slat cove filler 23 (FIG. 11). Thus, the shape/contour of slat 
	

from its retracted position to its deployed position; 
cove filler 23 is somewhat dependent on the flow produced by 	wherein the slat cove filler is connected to the cusp of the 
the shape of slat cove filler 23 itself. A computational fluid 

	
slat by the hinge. 

dynamics program can be utilized to iteratively design the 50 	2. The wing structure of claim 1, wherein the second shape 
contour of slat cove filler 23, according to the design philoso- 	of the slat cove filler comprises a plurality of concave portions 
phy discussed above. Wind tunnel testing and/or testing on an 	and at least one convex portion facing the leading edge of the 
actual aircraft may also be utilized to determine the optimum 	primary wing structure, wherein the at least one convex por- 
contour of slat cove filler 23. As discussed above, the contour 	tion is disposed between the plurality of concave portions. 
of slat cove filler 23 is preferably outside of a streamline 55 	3. A wing structure for aircraft, comprising: 
contour 35. The use of an "attached-flow" contour for slat 	a primary wing structure defining a leading edge, a trailing 
cove filler 23 provides for superior noise reduction relative to 	edge, and upper and lower surfaces extending between 
a slat cove filler contour following a flow line 35. 	 the leading and trailing edges to define a first airfoil 

With further reference to FIG. 12, a mechanism 60 may be 	element; 
utilized to move leading edge slat 22 between the deployed 60 	a leading-edge slat movably interconnected with the pri- 
configuration (FIG. 4) and the stowed configuration (FIG. 9). 	mary wing structure for movement between a retracted 
In the illustrated example, mechanism 60 includes a channel 

	
position wherein the leading edge slat is positioned adja- 

member 61 mounted to leading edge slat 22 by brackets 62 
	

cent the leading edge of the primary wing structure to 
and 63. The channel 61 is curvedto provide the propermotion 	reduce aerodynamic drag, and a deployed position 
for leading edge slat 22 relative to primary wing structure 21. 65 	wherein the leading-edge slat is shifted relative to the 
The channel 61 is movably guided by rollers 64 which are 	retracted position to thereby provide a multi-element 
mounted to primary wing structure 21. A powered actuator 	airfoil, and wherein the leading-edge slat includes a 
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leading surface whereby, in use, airflow splits and flows 
over an upper surface of the leading-edge slat that 
extends rearwardly from the leading surface to a trailing 
edge, and a lower surface extending rearwardly from the 
leading surface to a cusp; and 

a slat cove filler comprising a flexible material connected to 
the trailing edge and the cusp, wherein the slat cove filler 
defines a first shape when the leading edge slat is in its 
deployed position, and a second shape when the leading 
edge slat is in its retracted position, and wherein at least 
a portion of the slat cove filler comprises a superelastic 
shape memory alloy that transforms from an austenitic 
phase to a martensite phase when the slat cove filler 
changes from the first shape to the second shape; 

wherein the slat cove filler is connected to the cusp of the 
slat by a hinge; and 

wherein the second shape of the slat cove filler comprises a 
first and a second concave portion and a convex portion, 
wherein said first and second concave portions and con-
vex portion face the leading edge of the primary wing 
structure, and wherein the convex portion is disposed 
between the first and second concave portions. 

4. The wing structure of claim 3, wherein: 
at least a portion of the superelastic shape memory alloy 

experiences at least about 2% strain when the leading 
edge slat is in its retracted position. 

5. The wing structure of claim 3, wherein: 
a boundary layer is formed at an outer surface of the thin 

flexible material when air flows along the outer surface; 
the first shape of the thin flexible material defines an outer 

surface having a contour that causes the boundary layer 
to remain attached to the outer surface. 

6. The wing structure of claim 5, wherein: 
the first shape of the thin flexible material includes a 

smoothly curved convex portion extending rearwardly 
from the cusp of the slat, and a concave curved portion 
adjacent the trailing edge of the slat. 

7. The wing structure of claim 3, wherein the isobar line 
comprises a substantially constant pressure line that occur 
during landing approach of the aircraft. 

8. A wing structure for aircraft, comprising: 
a primary wing structure defining a leading edge, a trailing 

edge, and upper and lower surfaces extending between 
the leading and trailing edges to define a first airfoil 
element; 

a leading-edge slat movably interconnected with the pri-
mary wing structure for movement between a retracted 
position wherein the leading edge slat is positioned adja- 

10 
cent the leading edge of the primary wing structure to 
reduce aerodynamic drag, and a deployed position 
wherein the leading-edge slat is shifted relative to the 
retracted position to thereby provide a multi-element 

5  airfoil, and wherein the leading-edge slat includes a 
leading surface whereby, in use, airflow splits and flows 
over an upper surface of the leading-edge slat that 
extends rearwardly from the leading surface to a trailing 
edge, and a lower surface extending rearwardly from the 

to 	leading surface to a cusp; and 
a slat cove filler comprising a flexible material connected to 

the trailing edge and the cusp, wherein the slat cove filler 
defines a first shape when the leading edge slat is in its 
deployed position, and a second shape when the leading 

15  edge slat is in its retracted position, and wherein at least 
a portion of the slat cove filler comprises a superelastic 
shape memory alloy that transforms from an austenitic 
phase to a martensite phase when the slat cove filler 
changes from the first shape to the second shape, 

20  wherein the slat cove filler defines a first area having a 
first thickness, and a second area having a second thick-
ness that is greater than the first thickness, and wherein 
the slat cove filler includes a first sheet comprising 
superelastic shape memory alloy having the first thick- 

25 ness and a second sheet of material disposed on a portion 
of the first sheet to define the second area having the 
second thickness; 

wherein the slat cove filler is connected to the cusp of the 
slat by a hinge. 

30 	9. The wing structure of claim 8, wherein: 
at least a portion of the superelastic shape memory alloy 

experiences at least about 2% strain when the leading 
edge slat is in its retracted position. 

10. The wing structure of claim 8, wherein: 

35 	a boundary layer is formed at an outer surface of the thin 
flexible material when air flows along the outer surface; 

the first shape of the thin flexible material defines an outer 
surface having a contour that causes the boundary layer 
to remain attached to the outer surface. 

40 	11. The wing structure of claim 10, wherein: 
the first shape of the thin flexible material includes a 

smoothly curved convex portion extending rearwardly 
from the cusp of the slat, and a concave curved portion 
adjacent the trailing edge of the slat. 

45 	12. The wing structure of claim 10, wherein the isobar line 
comprises a substantially constant pressure line that occur 
during landing approach of the aircraft. 
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